INTRODUCTION
With the advent of automatic network analyzers, it has become commoJI practice to characterize microwave two-port networks in terms of measured S-parameters [1] . As a result, man y measurement techniques and network configurations are now being analyzed in terms of Sparameters rather than in terms of the impedance and admittance characterization parameters that have been used in the past, Microwave measurement techniques often employ the use of a sliding load, sliding short, or mismatched loads of known reflection-coefficient values. A frequently encountered problem of interest is determining the distance a particular load has to be offset from the two-port network output port to obtain a maximum or minimum return loss from the tem~inated two-port network. When the load is fixed (rather than sliding), line spacers can be inserted between the output of the two-port network and the load for producing the desirecl return losses. It is desirable to know what spacer-line length is required without having to resort to a trial-and-error process. A literature search indicates that analytical solutions, in terms of Sparameters, have not been published for these purposes. This article will present these analytical expressions of interest.
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Section II of this article sets forth the theory and analytical derivations of the conditions for maximum and minimum return losses. Also presented are design equations for dielectric spacers that can be used to obtain desired return losses. Section 111 presents examples showing how these equations can be used for predicting and avoiding the occurrence of a type of resonancephenomenon (leading to large dissipative losses) for some types of reflector antennas.
THEORY
The circuit under consideration is shown in Fig. 1 and the following conditions exist. It is assumed that the S-parameters of the two-port network and load reflection-coefficient values are known. In practice, if the load is fixed, the phase of its reflection coefficient as defined at the network output port can be varied through the use of dielectric spacers. The following presents the derivation of equations required to calculate the specific conditions under which maximum or minimum return losses will be obtained from the tem~inated network.
Given the two-port network terminated in ~L as shown in Fig. 1 , the input reflection coefficient as seen looking into port 1 is
where S11, S12, S21, and S22 are scattering parameters [1] . From Eq. (1), 'r --$ ~12 + 21$ @~Llcos 81 + lU~~,12
where u = s@'21 -S11S22 (3) b and VL, VU, tpl 1, and v22 are the phase angles of ~L,, U, SI 1, and S22, respective y.
In the fOllOWing NIa@SiS, l~Ll is aSSUrnCd to be a constant and only ~q, is allowed to vary.
To find the maximum or minimum values of 1~11 under these conditions, set dl~L12 = ~ ( 6) 
A. Desipn of Spacers
As shown in Fig. 1 , if the actual load reflection coefficient is 1:], but a particular Tj. load reflection coefficient is desired to obtain a maximum or minimum return loss, a dielectric spacer can be utilized. The relationship for the dielectric spacer length is given as follows:
where arg R is the phase angle of a complex value R given as
. (19) was derived from input impedance and reflection coefficient relationships, starting at termination and transforming through the dielectric to the Zol input interface.
Defining c' to be the relative permittivity, tan S the loss tangent, ~ the freespace wavelength, and Q the incident angle, then the diekxxric-air interface reflection coefficient for perpendicular polarization is and for parallel polarization, 
The above formulas were derived by considering the air-to-dielectric interfaces as separate individual two-port networks, and the dielectric media of length / as the third two-port network.
Then, the overall S-parameters for three cascaded networks were derived using cascading formulas
III.
A.
APPLICATIONS Srilisbury Screen
An application of the previously derived equations is the determination of maximum return loss that will occur when a perforated plate or mesh is terminated with an offset short-circuit. For this type of configuration, sometimes referred to as a Salisbury Screen [2], it is of interest to know the exact offset distance, between the short and mesh, that will lead to maximum return loss.
Maximum return loss for this type of configuration will occur when there is maximum dissipation due to the resistive losses of the perforated screen or mesh.
To demonstrate the application of the derived equations, Table 1 presents measured S-parameters of a perforated plate that has been used for the antenna reflector surface material on some DSN antennas. These measured S-parameters also agree well with those calculated from theory [3] . Maximum and minimum return losses for an offset short-circuit load, as C:ilculated through Eqs. (16) and (17), are shown in Table 2 .
It is of interest to study the characteristics of this perforated plate material when terminated in a offset short-circuit load and the offset distance is allowed to vary. Return losses calculated from Eq. (1) are plotted in Fig. 2 . A sharp resonance is caused by the resistive losses of the perforated plate, and the maximum return loss is 33.2 dJ3. If the perforated plate were lossless, then the return loss would have been O dB. The exact short-circuit load position corresponding to the 33.2-dB maximum return loss was calculated from expressions in this article and shown in Table 2 . The resonance phenomenon shown in Fig. 2 was observed experimentally when a sample of the perforated plate test sample was inserted in waveguide and terminated with a sliding short-circuit load. Knowledge of maximum return loss can be used to obtain information on the resistive losses of the perforated plate. Similar techniques can be applied to the determination of resistive losses of other types of meshes such as a tricot-mesh material used for spacecraft unfurlable antennas [4, 5] .
The equations presented in this article are not limited to short-circuit loads, but are applicable for any load whose reflection-coefficient magnitude is greater than zero. For interest, Table 2 tabulates the conditions for which maximum and minimum return losses occur when the described perforated plate is terminated with loads having various load reflection-coefficient magnitudes.
B. Water Film on Reflector Surface
The manufacturing process of some commercial Ku-band reflectors involves pouring a fiberglass epoxy mix onto a thin metallic screen laid on a parabolic-shaped mold. After drying, the reflector consists of a fiberglass layer bonded to the metal screen. It will be shown that a fiberglass layer thickness of 1.59 mm (0.0625 in,), which sometimes results in the manufacturing process, leads to poor reflector performance at )2 GHz when the surface becomes wet due to condensation or rain.
For theoretical calculation purposes, it will be assumed that the fiberglass dielectric material has a relative permittivity of 4.5 and loss tangent of 0.002 at 12 GHz. First, the S-parameters of the fiberglass sheet of 1,59-mm thickness are calculated for a normally incident, linearly polarized wave at 12 GHz from Eqs. (29) and (30). Then, the input reflection coefficient is calculated from Eq. (1) for the fiberglass sheet terminated in a short-circuit load. The result is an input reflection coefficient of 0,9994 with a phase angle of 123.9 deg when this fiberglass sheet is terminated with a short-circuit load. The corresponding return loss value of 0.005 dB calculated from Eq. (17) shows that this reflector with the described fiberglass layer is an excellent reflector under dry conditions.
For purposes of analyzing the wet surface condition, a thin water film will be treated as a.
two-port network whose S-parameters are calculated from Eqs. (29) and (30) with those published in [6, 7] . The resulting calculated S-parameters of water films arc shown in Table 3 for normal incidence and 12 GHz.
Next, the water film terminated by the fiberglass-screen reflector is considered. Through the use of S-parameters shown in Table 3 , and a load with a reflection-coefficient magnitude of 0.9994 and phase angle of 123.9 deg, the input reflection coefficient at the surface of the water film is calculated from Eq. (1). The results show that the return losses are unexpected y high. For example, for the water-layer thickness of 0.10 mm (0.004 in.), the return loss is 12.8 dB. This result is consistent with experimental observation of about 10-dB signal losses when the fiberglass surfaces became wet from rain.2
To study the loss behavior in more detail, the return losses are shown plotted in Fig,3 for water film terminated by a load with a reflection-coefficient magnitude of 0.9994 and a variable ' phase. Note that for the water-film thickness of 0.1 mm, the return loss is about 13 dIl when the load phase angle is about 124 deg, but the actual peak of the resonance curve is at a lower phase angle and is about 25 dB, The exact values for the peaks of the curves for the various water-film thicknesses were calculated from Eq. (18) and are shown in Table 4 . The high return losses result from the position of the maximum E-field having shifted to the inside of the film of water, which is very dissipative.
The values for minimum return losses are also tabulated in Table 4 , as well as the fiberglass-layer thicknesses that correspond to maximum and minimum return losses. It is of interest to note that to obtain minimum return loss, the thickness of the fiberglass layer should be 5.84 mm (0.230 in.). The corresponding load phase angle (represented by the fiberglass-screen reflector) would then be close to 180 deg. Except for small losses due to the dielectric, this condition would be equivalent to the reflector having no dielectic layer, where the rain film would lie directly on the metal surface. This result of a minimum return loss is consistent with experimental observations that very little degradation or signal losses occur when rain water wets a solid metallic reflector surface,
If the reflector were to be manufactured with a fiberglass-layer thickness of 5.84 mm (0.230 in), rather than the current 1.59 mm (0.0625 in.), the return loss in dry conditions for the new thickness would be degraded only to 0.026 dB as compared to 0.005 dB for the original 1.59 mm thickness. However, if the fiberglass surface were to become wet with water thicknesses varying from 0.05 to 0.10 mm, the return loss would still be the 0.026-dB worst case as compared to 12.8 dB for a fiberglass-layer thickness of 1.59 mm,
The equations used for this study of a fiberglass-layered reflector can also be applied for performance studies of graphite-epoxy-layered reflector surfaces being proposed for future ground-space communication antennas, It is important that the thicknesses of the dielectric layer be designed properly so as to obtain good perfomlance in wet conditions due to rain or condensation.
m. CONCLUSIONS
Analytical equations derived in this article are useful for determining worst-case return losses that can occur when a passive two-port network is terminated with a mismatched load, In one of the examples presented, the equations were useful for predicting worst-case return losses that could occur when water film was on a reflector surface that had a dielectric layer. The same type of analysis might be applied to a similar type of reflector painted with thermal diffusive paint suspected of being very lossy.
Although it was not shown through a specific example, for (11'~] c 1), the equations presented in this article can also be used to design dielectric-or air-line spacers that can be inserted between a fixed load (1~~1 < 1) and the network if the goal is to obtain maximum or minimum return loss from the terminated two-port net work. Notes: 1. S21 = S12 and SZZ = S11 2. S-parameters are calculated for freespace characteristic impedance 201 at the input and output ports (see Fig. 1 ).
- Table 4 . Fiberglass plus screen load reflection coefficients and corresponding return losses for various water-layer thicknesses whose S-parameters are shown in Note: rL is defined for freespace characteristic impedance al (see Fig. 1 ). 
